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least one of the violation report and the rogue vehicle detec-
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1
ROGUE VEHICLE DETECTION

TECHNICAL FIELD

e

The present subject matter 1s related, in general to traific
violation analysis and, particularly but not exclusively, to
detecting a rogue vehicle.

BACKGROUND

Trailic enforcement agencies are usually mnvolved in moni-
toring tratfic at several locations, and spontaneously enforc-
ing traific rules on noticing a violation of the same. Due to
ever increasing occurrences of traific violations, demand for
vigilant traffic monitoring and enforcement 1s proportion-
ately increasing. Furthermore, traffic monitoring systems
may be provided at specific locations 1n order to continuously
record movement of traific and report traific violations to
relevant authorities.

Furthermore, 1n order to momtor individual driving pat-
terns of a driver, static telemetric devices collect driving infor-
mation of the vehicle. Subsequently, based on the driving
pattern of the vehicle, the driver of the vehicle may be pro-
vided with certain benefits, which inherently encourages
individuals to follow the traffic rules.

SUMMARY

This summary 1s provided to imtroduce concepts related to
detecting a rogue vehicle, and the concepts are further

described below 1n the detailed description. This summary 1s
neither mtended to 1dentily essential features of the claimed

subject matter nor 1s it intended for use i determining or
limiting the scope of the claimed subject matter.

In one 1implementation, a method for rogue vehicle detec-
tion 1s provided. In one implementation, the method includes
receiving at least one violation report for a vehicle from at
least one mobile communication device. The at least one
violation report 1s indicative of a traffic violation made by the
one or more vehicles. The method further includes categoriz-
ing the vehicle as a rogue vehicle, based on at least one rogue
vehicle detection metric, the at least one rogue vehicle detec-
tion metric being determined from the violation report. The
method also includes compiling a traific observation record
based on at least one of the violation report and the rogue
vehicle detection metric.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figure(s). In the figure(s), the left-most digit(s)
ol a reference number 1dentifies the figure 1n which the ret-
erence number first appears. The same numbers are used
throughout the drawings to reference like features and com-
ponents.

FIG. 1 1llustrates a computing system for producing a
traffic observation record, 1n accordance with an implemen-
tation of the present subject matter.

FI1G. 1a illustrates a plot of rogueness index of a vehicle, in
accordance with an implementation of the present subject
matter.

FI1G. 2 1llustrates a method for producing a traflic observa-
tion record, in accordance with an implementation of the
present subject matter.

DETAILED DESCRIPTION

Systems and methods for detecting a rogue vehicle are
described herein. The systems and methods can be imple-
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2

mented 1 a variety of mobile computing devices, such as
laptops, tablet-PCs, and smart phones. Although the descrip-
tion herein 1s with reference to certain computing systems, the
systems and methods may be implemented 1n other electronic
devices, albeit with a few variations, as will be understood by
a person skilled 1n the art.

Conventionally, the process of traflic monitoring and
enforcement involves trailic agencies monitoring traflic at
several locations. On noticing a tratfic rule being violated, the
traffic agencies apprehend the wrongdoer and enforce a fine
or punishment or both relatively soon after. A level ol involve-
ment of such human agencies 1s generally limited due to a
restricted number of human personnel accompanied with
physical factors, for example, fatigue. The limited work force
generally means a limited capability to monitor the ever
increasing populace at a plurality of geographical locations at
once. Therefore an automated traffic monitoring system 1s
required.

These automated traffic monitoring systems are generally
located at specified locations, such as, busy intersections,
traffic heavy roads and the like. The traflic monitoring sys-
tems including, for example, a video camera, continuously
monitor traific flow and report potential traffic violations to
relevant authorities. The traffic violations are generally
reported in the form of a video or a plurality of images, which
may be further processed to obtain data therein. The traific
monitoring systems are statically located, thus rendering their
ability to detect tratfic violations outside an optical range of
the video camera inetlective. Moreover, the traffic violations
are generally reported directed to law enforcement agencies
that assess what type of action or proceedings need to be
initiated against the violator.

Furthermore, in order to monitor individual driving pat-
terns of a driver, vehicle mounted telemetric devices are
known, which collect driving information of the vehicle and
submit the information to a remote server. Subsequently,
based on the driving pattern of the vehicle, the driver of the
vehicle may provided with certain benefits, which inherently
encourages individuals to be good drivers and not flout tratfic
rules. These telemetric devices however, are prone to tamper-
ing, where the devices are tampered such that they do not
submit information regarding bad or poor driving behavior to
the server.

The present subject matter discloses systems and methods
for detecting a rogue vehicle. In one implementation, the
method includes involving user participation for reporting a
traffic violation. By involving users, such as pedestrians, citi-
zens and drivers, a vast geographical area may be monitored
for traffic violations. Furthermore, utilizing users as a source
of information provides a dynamic monitoring method,
where substantially high number of locations along with busy
intersections and roads may be monitored.

In an implementation, a mobile communication device,
such as a smart phone, may be used by a user to report the
traffic violations. Hereinalter, the mobile communication
device may interchangeably be referred to as a user device. In
the implementation, the user may use the user device to record
an 1mage or a video of the traffic violation and report the same
to a computing system, for example, a remote server. This
report hereinafter, 1s referred to as the violation report, which
may be indicative of a traffic violation.

In the case where the user submits the violation report 1n
the form of an 1mage, the 1image may contain a clear view of
a registration plate of the vehicle that may be guilty of the
violation. In an implementation, the computing system may
extract data from the wviolation report, regarding vehicle
details. In an example, the vehicle registration number may be
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used to extract registration details of the vehicle from a master
database, such as a vehicle registry with the state department.
The registration details may include a license category and
type of vehicle. In an example, a color of the number plate
may be indicative of the license category, such as commercial
or private, ol the vehicle. Furthermore, the type of the vehicle,
such as, two wheeler, truck, car, bus, auto rickshaw etc. may
be assessed from the extracted data based on an 1mage char-
acteristic.

In an implementation, the computing system assesses the
violation report for authenticity. For example, based on the
data extracted from the violation report, an authenticity met-
ric may be computed, which in turn 1s indicative of whether
the submitted violation report is authentic or not. In the
former case, the violation report 1s taken up for further pro-
cessing, and 1n the latter case, the report may be declined, and
a message regarding the declination of the report may be sent
to the user via the user device. In the implementation, the
authenticity metric may be computed based on one or more
authenticity parameters, which may be obtained from the
violation report. In an example, the authenticity parameter
can include GPS location data, a time stamp, an audio clip 1n
case of video violation report, ambient environmental param-
eters, and third party parameters. In an example, the third
party parameters may include but are not limited to police
speed camera inputs of same rogue vehicle.

In an implementation, the authenticity metric 1s deter-
mined based on a weighted average of the above authenticity
parameters. Further, a value of the authenticity metric 1s com-
pared with a threshold authenticity value, and 11 the authen-
ticity metric 1s above the threshold authenticity value, the
violation report 1s accepted and taken up for further process-
ing. On the other hand, if the authenticity metric 1s below the
threshold authenticity value, the violation report 1s declined
and a suitable notification may be sent to the user.

In an implementation, where the authenticity metric of the
violation report 1s above the threshold authenticity value, a
trustworthiness metric of the violation report may be com-
puted. The trustworthiness metric of the violation report may
be computed based on the authenticity metric and a trustwor-
thiness parameter. Examples of trustworthiness parameter
can nclude, but are not limited to, number of independent
violation reports on the same violation incident, registration
status and reputation level of the user who submitted the
violation report, a rougeness index of the reportedly rogue
vehicle, and a collusion index. In one example, the reputation
level of a user may be a history of successtiul violation report
submissions by the user. Furthermore, the collusion index
may be referred to as a measure of a level of a collusion
possibility. In one implementation, the trustworthiness metric
1s calculated based on the trustworthiness parameter using an
empirical rule. In the case where the empirical rule evaluates
to be TRUE, the violation report 1s accepted.

Furthermore, based on the violation report, the authenticity
parameters, the authenticity metric, the trustworthiness
parameters, and the trustworthiness metric, the vehicle may
be categorized as rogue, and a traific observation record 1s
compiled. The tratlic observation record may be forwarded to
relevant agencies, depending on factors, such as nature and
severity of violation, and the frequency of offence using the
same vehicle. The relevant agencies can include, but are not
limited to, fleet owners, traific enforcement agencies, msur-
ance providers, drivers 1n the immediate vicinity of rogue
vehicle, and pedestrians. In an example, where the violating,
vehicle 1s a taxi, and the nature of the violation 1s severe, 1n
addition to forwarding the traffic observation record to the
fleet owner of the taxi car, the traific police may be informed,
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as well as nearby pedestrians and drivers. In another example,
for a violation report where the category of the violation may
be drunken driving, the traific police may be informed along
with the insurance providers of the vehicle, and nearby pedes-
trians and drivers 11 the nature o the violation is severe. In one
example, users may subscribe to an alert service on their user
devices to recerve alerts from the computing system for vio-
lations occurring 1n a location of a predefined radius. Further-
more, the user may customize the receiving of such alerts to
include only certain categories of violations, such as drunken
driving, over speeding and reckless driving.

According to the method of the present subject matter, by
utilizing users to receive information regarding occurrences
of tratfic violations, a dynamic approach to achieving social
harmony as well as the wellare of the society 1s promoted.
Furthermore, the method of the present subject matter also
encourages drivers to follow traffic rules due to a greater
chance of detection and hence further prosecution. Moreover,
the present subject matter facilitates a robust and tamper-
prool traflic monitoring method, where the detection of the
offender lies with a third party and not the offender himself.

These and other advantages of the present subject matter
would be described 1n greater detail 1n conjunction with the
following figures. While aspects of described systems and
methods for the detection of the rogue vehicle can be imple-
mented 1n any number of different computing systems, envi-
ronments, and/or configurations, the embodiments are
described 1n the context of the {following exemplary
system(s).

FIG. 1 1llustrates a computing system 100 for detecting a
rogue vehicle, as per one implementation of the present sub-
ject matter. In the implementation, the computing system 100
includes one or more processor(s) 102, interface(s) 104, and
a memory 106 coupled to the processor 102. The processor
102 can be a single processing unit or anumber of units, all of
which could also include multiple computing units. The pro-
cessor 102 may be implemented as one or more microproces-
sors, microcomputers, microcontrollers, digital signal pro-
cessors, central processing units, state machines, logic
circuitries, and/or any devices that manipulate signals based
on operational instructions. Among other capabilities, the
processor 102 1s configured to fetch and execute computer-
readable instructions and data stored in the memory 106.

The mterfaces 104 may include a variety of soitware and
hardware interfaces, for example, interface for peripheral
device(s), such as a keyboard, a mouse, an external memory,
and a printer. Further, the interfaces 104 may enable the
computing system 100 to communicate with other computing
devices, such as web servers and external databases in the
communication network (not shown 1n the figure). The inter-
faces 104 may facilitate multiple communications within a
wide variety of protocols and networks, such as a network,
including wired networks, e.g., LAN, cable, etc., and wireless
networks, e.g., WLAN, cellular, satellite, etc. The interfaces
104 may include one or more ports for connecting the com-
puting system 100 to a number of computing devices.

The memory 106 may include any computer-readable
medium known 1n the art including, for example, volatile
memory such as static random access memory (SRAM) and
dynamic random access memory (DRAM), and/or non-vola-
tile memory, such as read only memory (ROM), erasable
programmable ROM, flash memories, hard disks, optical
disks, and magnetic tapes. The memory 106 also includes
module(s) 108 and data 110.

The module(s) 108 include routines, programs, objects,
components, data structures, etc., which perform particular
tasks or implement particular abstract data types. In one
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implementation, the module(s) 108 includes a validation
module 112, a compilation module 114, and other module(s)
116. The other module(s) 116 may include programs or coded
instructions that supplement applications and functions of the
computing system 100.

On the other hand, the data 110, inter alia serves as a
repository for storing data processed, received, and generated
by one or more of the module(s) 108. The data 110 includes,
for example, validation data 120, compilation data 122, and
other data 124. The other data 124 includes data generated as
a result of the execution of one or more modules in the
module(s) 108.

In one implementation, the computing system 100 can be
configured to detect a rogue vehicle during operation. In the
implementation, the validation module 112 receives one or
more violation reports from one or more user devices, such as
mobile communication devices. Users, such as pedestrians
and drivers on the road, may utilize the user device to record
an 1image or a video of arogue vehicle. In this context, arogue
vehicle may refer to a vehicle, which may be violating traffic
rules. In an example, a speeding vehicle may be a rogue
vehicle, while 1n another example, a drunken driver driving,
recklessly on the road may indicate a rogue vehicle. The user
may record an 1image or video of the rogue vehicle and pro-
vide the same as the violation report to computing system
100. In one example, 1n addition to recording the image or the
video of the rogue vehicle, the user may also record a regis-
tration number by voice input. In this manner, even in the case
where the user 1s unable to capture a clear image or video of
a registration number of the rogue vehicle, the rogue vehicle
may still be identified. The violation report contains data
elements, such as a location of the incident, such as a Global
Positioning System (GPS) location, time of occurrence of the
incident, such as a time stamp, audio clip 1n case of video
violation report, ambient environmental parameters tempera-
ture, weather, etc., application ID, nature and category of
violation, and third party parameters (for example, police
speed camera mnputs of same rogue vehicle). In an example,
the violation report may contain two types of data, vehicle
data, 1.e., data pertaining to details of the vehicle, and authen-
ticity measurement data, which may be used to measure an
authenticity of the submitted violation report. The vehicle
data may be extracted from the violation report, such as
vehicle color, registration number etc. In one implementation,
the data may be obtained through inherent sensors in the user
device. Furthermore, in one example, the above mentioned
data elements may be utilized to derive authenticity param-
eters.

The recorded 1mage or video must include a substantially
clear view of the rogue vehicle registration number 1n order to
facilitate further processing at the computing system 100.
However, in case the vehicle registration number i1s not
clearly captured, the computing system 100 may utilize the
voice recording contaiming the registration number of the
rogue vehicle as described above. Furthermore, the user
device may embed the data, mentioned above, 1n the image or
video using techniques, such as steganography, or digital
watermarking, for robust and tamper proof transmission of
the data contamned therein. The validation module 112
receives the violation report and extracts the data from therein
using 1mage processing techniques. In one example, in order
to obtain registration details of the vehicle from an 1image, the
validation module 112 utilizes an extraction technique such
as optical character recognition (OCR) to extract features of
the registration number plate. In cases where an 1mage of
substantially lower quality 1s submitted by the user, 1n order to
overcome potential errors during the OCR technique, a con-
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fidence measure for each character recognized by the OCR
technique is evaluated. By utilizing the OCR technique 1n said
manner, a robust 1dentification of the vehicle may be facili-
tated. Furthermore, the voice mput of the user may also be
utilized 1n order to identify the registration number of the
vehicle. In said manner, information such as a color of the
number plate and the registration number may be extracted.
In one 1mplementation, the information extracted from the
image or video 1s stored in the validation data 120. The
validation data 120 further includes rules regarding the
extraction techmique to be used, as discussed earlier.

On extracting the data from the violation report, the vali-
dation module 112 utilizes the data, for example the registra-
tion number, to extract details of the vehicle from a master
database, such as a vehicle registry of the state department.
Furthermore, a license category and type of the vehicle may
be ascertained with the data extracted from the image or
video. In an example, a license category may be commercial
or private. In another example, a type of vehicle may include
but 1s not limited to, a bus, car, two-wheeler, auto rickshaw
and a truck. The license category may be obtained from the
vehicle register as mentioned earlier, and the type of vehicle
may be obtained by an object classification algorithm through
1mage processing.

Furthermore, the data extracted from the violation report
may be stored in the validation data 120. Moreover, 1n an
implementation, the GPS location of the user at the instance
of recording the violation report may be obtained by the
validation module 112. In an example, a GPS sensor of the
user device may be used to obtain the location of the user,
from where the violation report was submitted. Along with
the data, the time stamp indicating the instance of the image
or video capture 1s also included in the violation report.

In one implementation, the validation module 112 may
extract an audio clip recorded at the time of recording the
video of the violation report. In an example, the audio clip 1s
extracted by validation module 112, and used to estimate an
ambient noise level 1s procured. The ambient noise level may
be stored 1n the validation data 120.

Furthermore, the validation module 112, extracts ambient
environmental parameters (temperature, weather, etc.), from
the violation report. In an example, these parameters may
include but are not limited to, temperature and light intensity
recorded, at the time of recording the image or video, by the
sensors of the user device. Furthermore, such data may be
stored 1n the validation data 120. In one example, the com-
puting system 100 may use one or more of the above extracted
authenticity measurement parameters in order to determine
the authenticity of the violation report.

Moreover, the validation module 112, extracts a user ID of
the user device that was used to send the violation report. In
one example, the user ID is registered with the computing
system 100 during commumnication of the user device with the
computing system 100.

Further, the validation module 112 may also assess the
nature and category of the violation from the violation report.
In an example, the user may choose from a list of violations
and a level of severity before submitting the violation report.
A list of violations may include but 1s not limited to, reckless
driving, drunken driving, traflic light violation, vehicle body
defect, and mishehavior.

The validation module 112 may also extract third party
parameters, for example, police speed camera iputs of the
same rogue vehicle as indicated in a violation report submit-
ted by a user using the user device. In an example, a rogue
vehicle may be recorded using a police speed camera or

jumping a red light, and subsequently or prior to this record-
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ing, the user may capture the same rogue vehicle violating the
law and submit a violation report. In one example, the com-
puting system 100 may verily and match the registration
number from this violation report with the registration num-
ber obtained from the police speed camera report in order to
assess 1f the rogue vehicle 1s the same or not.

In order to determine an authenticity of the submuitted traf-
fic violation report, the validation module 112 1s configured to
utilize each of the authenticity measurement data or data
obtained as mentioned above, to determine an authenticity
metric of the violation report. In an implementation, the
authenticity metric may be indicative of an authenticity of the
submitted violation report. Hereinatter, the authenticity mea-
surement data extracted from the violation report as described
above may be referred to as the authenticity parameters.

A value of each of the authenticity parameters may be
determined by the validation module 112 based on config-
urable rules that may be stored in the validation data 120.

In one 1mplementation, the validation module 112 mea-
sures a consistency of the GPS location recorded by the GPS
sensor of the user device, with the location reported by a BT'S
at the time of recording the violation. Moreover, a location
validation may also be measured against a location data pro-
vided by a network operator of the user device. The value of
the authenticity parameter may be drawn from the above
comparisons, which 1s indicative of consistency of the loca-
tion of the user at the time of recording the violation. Further-
more, a time stamp of the recording of the violation 1s also
included 1n the violation report 1n order to assess a time of
occurrence of the violation.

In an example, where the location of the user as measured
by the GPS sensor of the user device 1s at a distance greater
than a threshold value from the distance as reported by the
B'TS’s, the value of the authenticity parameter will be atfected
accordingly. Similarly, 11 the location measured with the net-
work operator data 1s inconsistent beyond a threshold level of
distance, the value of the authenticity parameter will be
affected accordingly. The threshold value of distance may be
stored 1n the validation data 120. In addition, the time stamp
can be used to further assess the authenticity value of the
parameter.

Furthermore, the validation module 112 may measure a
value of the authenticity parameter of the ambient noise
recorded during the time of recording the violation. In an
example, an ambient noise may be compared with an
expected road noise level, specific to the particular road and
time of day. In an example, a database of the average noise
levels at the specific roads at specific times of the day may be
consulted to compare the ambient noise level estimated from
the violation report. Similar to the authenticity parameter of
the location of the user, a value may be attributed to the
authenticity parameter of ambient noise and stored in the
validation data 120.

Moreover, the validation module 112 may measure a value
of an authenticity parameter related to violation reports
recorded by other traflic monitoring systems, such as traffic
police speed cameras. If, say, a tratlic police speed camera
records a rogue vehicle committing a speed limit offence, and
subsequently or prior to this recording, a user captures the
same rogue vehicle violating the law, then this information
may be used as corroborative evidence against the rogue
vehicle and contributes to the value of the authenticity param-
cter, which may be stored in the validation data 120.

Furthermore, the validation module 112 may measure a
value of an authenticity parameter by comparing the tempera-
ture and light intensity measured during the recording of the
violation, with expected values from, for example, weather
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data sources. In an example, 1f a temperature sensor records a
temperature of 24° C., whereas the weather data source 1ndi-

cates that at the time and location of the transmission of the
violation report, as taken from the time stamp and the location
of the user at the time of recording the violation report, the
ambient temperature was 32° C., then such a mismatch will
negatively affect the value of the authenticity parameter.

Further, the validation module 112 may be configured to
determine the authenticity metric based on a weighted aver-
age of the above individual values of the authenticity param-
cters. Weighing factors may be attributed to each of the
authenticity parameters and may be stored in the validation
data 120. The weighing factors are indicative of an impor-
tance of each of the authenticity parameters. In an example,
the authenticity parameter of the location may be attributed
with a higher weightage than the authenticity parameter
regarding ambient light and temperature.

In an example, the following equation may be used to
determine the weighted average of the authenticity param-
cters for determining the authenticity metric.

N
> wild]
=1

i

Q= -

N

In the above equation, Q 1s the authenticity metric, d, 1s a
Boolean result of the i”” parameter validation, w, is the weight
associated with a validation result of i”” authenticity param-
cter, and N 1s the total number of authenticity parameters
used. In an example, the weight w, 1s dynamically assessed
and associated with the validation result of the i” authenticity
parameter.

According to an implementation, 11 the value of the authen-
ticity metric Q 1s above a threshold then the submitted viola-
tion report 1s accepted. The threshold value of the authenticity
metric may be predefined and stored 1n the validation data
120. In the event that the authenticity metric Q 1s below the
threshold, the violation report may be declined and a suitable
alert may be sent to the user, notifying him of the failure of the
submission of the violation report.

Subsequent to the determination of the authenticity metric,
the validation module 112 1s configured to compute a trust-
worthiness metric for the violation report. The trustworthi-
ness metric may be considered to be indicative of a level of
credibility of the violation report, and the trustworthiness
metric may be computed based on the authenticity metric and
one or more trustworthiness parameters. Furthermore, rules
for computing the trustworthiness metric may be stored in the
validation data 120.

In an implementation, the trustworthiness parameters,
include but are not limited to, number of independent viola-
tion reports on the same violation incident, registration status
and reputation level of the user who submitted the violation
report, collusion index, and a rogueness index of the report-
edly rogue vehicle. In an example, the reputation level of the
user may be a value indicating the number of successiul
violation reports submitted by the user, and the rogueness
index 1s a measure of the number of violations by the rogue
vehicle over time.

In an example, 11 the computing system 100 receives more
than one violation report with regard to the same rogue
vehicle, this will increase the number of violation reports on
the same violation incident, and in turn, can increase a value
of this trustworthiness parameter. Furthermore, 1n an imple-
mentation, the validation module 112 can be configured to
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determine the collusion mndex regarding the multitude of vio-
lation reports regarding the same rogue vehicle. In an
example, the validation module 112 may assess the collusion
index for the multitude of violation reports 1n the following
manner:

wait for a specified time period from a first violation report
to collect the entirety of violation reports related to a specific
rogue vehicle;

prepare a list of users ‘p” who have submitted violation
reports against the same rogue vehicle, for the same or similar
violations. For example, a user ‘A’ may report a rogue vehicle
for a drunken driving violation, whereas a user ‘B’ may report
the same rogue vehicle for a reckless driving violation. In
such a case, the users A and B can be listed under the same list;

from the recent history, extract the number of occasions
‘N’, where the same set of users were mmvolved 1n reporting
violations against the same vehicle; and

compare the number ‘N’ with a threshold value, say ‘N .

If the number ‘N’ 1s greater than the threshold value N,
then collusion 1s suspected and the violation report 1s marked
accordingly.

Furthermore, the validation module 112 assesses the repu-
tation level of the user who submitted the violation report. In
an example, the reputation level of the user 1s assessed by
tetching data regarding the number of successiul violation
reports reported by the user. In a further example, a percent-
age value of a number of successiul violation reports versus a
number ol unsuccessiul violation reports 1s determined to
assess the reputation level of the user.

Moreover, the validation module 112 i1s configured to
determine the rogueness index for the rogue vehicle, where
the rogueness 1ndex 1s a measure of a driving behavior of a
vehicle with respect to time. For example, for each successiul
violation reported against a rogue vehicle, the rogueness
index for the vehicle will increase. However, the rogueness
index will diminish with time in the case where no fresh
violation reports are submitted against the rogue vehicle. In
another example, depending on the severity of the offence
committed by the driver, the rogueness 1ndex 1s atfected cor-
responding. In the case of an offence of minor severity, the
rogueness index does not rise substantially, and a duration of
remembering the event, 1.e. the offence 1s substantially small.
However, 1n the case of an offence of major severty, the
rogueness index rises substantially, and the duration of
remembering the event i1s substantially large. In the latter
case, the time taken for the rogueness index 1s longer than 1n
the former case, where the rogueness index diminishes sub-
stantially quicker.

In another example, the rogueness index of the vehicle may
be calculated using the following equation.

N

R(7) Z 0.5 f(—(r—m
= —0.5w;er
V2

=1

+ﬂ]+&5

In the above equation, R(t) 1s the rogueness index and 1s a
function of time; 1 1s the number of independent incidents
reported; w, 1s a weightage associated with the severity of one
or more of the number of independent incidents 1; ert 1s the
error function, T, 1s a time at which the incident occurred; and
T, is a factor indicating a duration of remembering the i”
event. In other words, the rogueness mndex 1s a time decaying
function, where the value of rogueness index diminishes over
time on recerving no more violation reports against the rogue
vehicle.
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The variation 1n rogueness 1index with time, as described
above, 1s depicted with reference to a plot shown in FIG. 1a,
in accordance with an implementation of the present subject
matter. Here, an X axis shows time 1in months, and a' Y axis
represents the rogueness index according to the equation
described above. A curve 126 shows the plot of the rogueness
index versus time, where N=1, and T=2 months. As shown in
the curve 126, the rogueness index diminishes over the time
period of T=2 months, and on no subsequent violation
reports, reaches zero.

On obtaining the above mentioned trustworthiness param-
eters, the validation module 112 calculates the trustworthi-
ness metric using an empirical formula. In the case where the
empirical rule evaluates to be TRUE, the violation report 1s
accepted. In cases otherwise, the user may be notified via a
message on an unsuccessiul violation report.

Furthermore, on obtaining the trustworthiness metric, the
compilation module 114 compiles a traific observation
record. In an example, the traffic observation record can
include, but 1s not limited to the data extracted by the valida-
tion module 112, from the violation report, such as the GPS
location, time stamp, registration number of vehicle, owner
details, color of vehicle, make of vehicle, license category,
type of vehicle, the authenticity parameters, the trustworthi-
ness parameters, nature and category of violation, and the
trustworthiness metric. The traffic observation record may be
stored 1n the compilation data 122.

In an example, the trustworthiness metric can be computed
as:

T, =
k=1

Qi P (L. —ert(0.2+ R(7))(1 —0,)

Where T 1s the trust index, Q 1s the authenticity metric, P
1s reputation of the user who has submitted the report, R(t) 1s
the rogueness index of the vehicle, where R(T) 1s a rogueness
index measured at an 1instant T, and 0 . 1s the collusion 1ndex.
In the above equation, collusion index will be 1 1f there 1s a
collusion detected and 0 otherwise. The rogueness index will
be a number greater than or equal to zero. erf i1s the error
function.

In an example, the compilation module 114 may compile
the tratfic observation record in the form of a tabulated report,
with the data classified into groups. In an example, the groups
may include but are not limited to, nature and type of offence,
rogue vehicle history, vehicle particulars, circumstances of
the oflence (time, date, location etc.), and other parameters.

Moreover, the compilation module 114 may be configured
to forward the traific observation record to relevant agencies
depending on one or more parameters. For example, the com-
pilation module 114 may forward the traific observation
record to other users who may be subscribed to an alert
service on their user devices. In another example, based on
the category and nature of the violation, the compilation
module 114 may forward the traific observation record selec-
tively to certain agencies. For a drunken driving violation
category, the compilation module 114 may forward the tratfic
observation record to an insurance provider (of the rogue
vehicle), the state traific police, and the pedestrians and driv-
ers 1n the vicinity who are subscribed to the alert service. In
another example, for a drunken driving violation category, in
a case where the vehicle license category 1s ‘commercial’, 1n
addition to the above mentioned agencies, the compilation
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module 114 may forward the traific observation record to the
owner ol the company to which the commercial vehicle
belongs.

Although the detection of the rogue vehicle has been
described above with respect to a particular order, 1.¢., deter-
mination of the authenticity metric, followed by the compu-
tation of the trustworthiness metric, the computing system
100 1s not to be limited to this order. In other words, a person
skilled 1n the art would appreciate that the detection of the
rogue vehicle can be facilitated by at least one rogue vehicle
detection metric. The rogue vehicle detection metric can be
the authenticity metric, or the trustworthiness metric, or a
combination of both. In other words, the rogue vehicle may be
detected, 1.e., the vehicle may be categorized as rogue, by
utilizing at least one of the authenticity parameters, or the
trustworthiness parameters, or a combination of both.

Furthermore, in an example, the computing system 100
may be implemented at a third party service provider. The
third party service provider may ofler subscription services to
customers, such as, individuals and insurance agencies, as
well as state departments, such as, traill

ic enforcement agen-
cies. In this example, the traffic enforcement agencies may
utilize information provided by the computing system 100
about a particular rogue vehicle 1n order to provide a suitable
penalty. For example, in the case of a rogue vehicle being
detected, the trailic enforcement oificer may consider the
rogueness index of the vehicle, and the reputation level of the
vehicle, as well as the history of the offences of the vehicle
before deciding a suitable penalty. Furthermore, in this
example, the services oflered by the third party service pro-
vider may be suggestive in nature to the traffic enforcement
agencies.

In another example, the computing system 100 may be
implemented by the government itself, such as at various state
departments. In this example, the computing system 100 may
be adapted by the traific enforcement agency 1tself and the
agency may utilize the information provided by the comput-
ing system 100 in order to provide a suitable penalty to the
rogue vehicle. In this case, the information provided by the
computing system to the trail be

ic enforcement agency may
binding on the rogue vehicle, 1.e., 1n contrast to the earlier
case where the information provided by the third party service
provider was merely suggestive 1n nature. In a further
example, the compilation module 114 may be configured to
impose the penalty based on the rogueness index as described
above.

In both the examples cited above, the owner of the rogue
vehicle may contest the allegations against him by providing,
suitable counter evidences.

FIG. 2 1illustrates a method 200 for producing a traific
observation record, according to one embodiment of the
present subject matter. The method 200 may be implemented
in a variety of computing systems, mentioned in description
of FIG. 1, in several different ways. For example, the method
200, described herein, may be implemented using the com-
puting system 100, as described above.

The method 200, completely or partially, may be described
in the general context of computer executable 1nstructions.
Generally, computer executable instructions can include rou-
tines, programs, objects, components, data structures, proce-
dures, modules, functions, etc., that perform particular func-
tions or implement particular abstract data types. A person
skilled 1n the art will readily recogmize that steps of the
method can be performed by programmed computers.
Herein, some embodiments are also intended to cover pro-
gram storage devices, e.g., digital data storage media, which
are machine or computer readable and encode machine-ex-
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ecutable or computer-executable programs of 1nstructions,
wherein said instructions perform some or all of the steps of
the described method.

The order 1n which the method 200 1s described 1s not
intended to be construed as a limitation, and any number of
the described method blocks can be combined 1n any order to
implement the method, or an alternative method. Addition-
ally, individual blocks may be deleted from the method with-
out departing from the spirit and scope of the subject matter
described herein. Furthermore, the methods can be imple-
mented 1n any suitable hardware, software, firmware, or com-
bination thereof. It will be understood that even though the
method 200 1s described with reference to the computing
system 100, the description may be extended to other systems
as well.

The method 200 1s 1nitiated at a block 202, where one or
more violation reports may be received from a user device.
Theuser device such as laptops, tablet-PCs and smart phones,
may be configured to record and upload the traffic violation
report to a remote server. The user device can be utilized to
record the occurrence of a traffic violation in the form of an
image or a video and uploaded via a suitable method to a
computing system, such as a remote server where the viola-
tion report may be processed further. In an example, a user
may notice a vehicle misbehaving or violating a traific rule.
This vehicle may be referred to as a rogue vehicle hereinafter.

At block 204, data may be extracted from one or more of
the violation reports. The data may be suitably embedded 1n
the violation reports with a technique such as, steganography
or digital watermarking. Steganography is a method by which
information may be concealed within computer files. In digi-
tal steganography, electronic commumications may include
steganographic coding mnside of a transport layer, such as, a
document file and an 1mage file. Digital watermarking 1s the
process ol embedding information into a digital signal. In
digital watermarking, the signal may be audio, pictures, or
video. Moreover, a signal may carry several different water-
marks at the same time. Once the violation report with the
image or the video of the rogue vehicle 1s received at the
computing system, the computing system extracts said data
from the violation report. As described earlier, the data may
include vehicle data and authenticity measurement data. In an
example, the data includes, but 1s not limited to, a time stamp
of the occurrence of the violation, a location of the violation,
audio clip (in case of video violation report), ambient envi-
ronmental parameters, and third party parameters (for
example, police speed camera inputs of same rogue vehicle).

In one implementation, the location may be provided by a
GPS sensor 1n the user device, and a location determined
using BTS signals 1n the vicinity. Furthermore, 1n an example,
the audio clip may be the audio from the video recording in
the violation report. The ambient environmental parameters
may include an ambient temperature and light intensity as
recorded by the sensors of the mobile communication device.
The third party parameters may include mputs regarding the
same rogue vehicle from other traific monitoring systems,
such as, police speed cameras and tratfic intersection cameras
that continuously monitor traific flow. For example, a user
may notice a vehicle driving recklessly on a road and submit
a violation report regarding the same, and additionally, the
same rogue vehicle may violate traffic rules at an intersection
where a trailic intersection camera 1s situated and subse-
quently records the same rogue vehicle. As described earlier,
the registration numbers of the rogue vehicle in both instances
may be compared in order to verily a match.

At block 206, an authenticity metric may be determined
based on the data mentioned above. In an example, one or
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more of the authenticity measurement data may be used to
derive the authenticity parameters. The authenticity measure-
ment data may be measured for consistency against one or
more reference values. In an example, the GPS location from
a GPS sensor of the user device may be compared with a GPS
location from BTS signals 1n the vicinity. The same may be
used to corroborate the location of the user at the time of
recording the violation report.

In an implementation, a value of the authenticity metric
may be determined using a weighted average technique as
described earlier. The value of the authenticity metric 1s then
compared with a threshold value and 1n the case where the
value of the authenticity metric 1s above the threshold value,
the validation report 1s taken up for turther proces sing. In the
case where the value of the authentwlty metric 1s below the
threshold value, the validity report 1s declined and a suitable
notification may be sent to the user, for example, via the user
device.

At block 208, a trustworthiness metric of the violation
report 1s computed, where a value of the trustworthiness
metric may be indicative of a credibility of the validity report.
The trustworthiness metric of the violation report may be
computed based on the authenticity metric and at least one
trustworthiness parameter. Examples of trustworthiness
parameters include, but are not limited to, number of inde-
pendent violation reports on the same violation incident, reg-
1stration status and reputation level of the user who submitted
the violation report, and a rogueness index of the reportedly
rogue vehicle.

For example, 1n a case where more than one violation
reports are received regarding the same vehicle, the trustwor-
thiness parameter for the same can be influenced 1n a positive
manner. In said example, a rogue vehicle violating the speed
limit may be spotted by more than one user, and subsequently,
cach of the users may submit a violation report regarding the
rogue vehicle. In such a case, the corresponding trustworthi-
ness metric for each of the violation reports may be affected
in a positive manner.

Moreover, in another example, a reputation level of the user
who submits the violation report i1s assessed. In an example,
the reputation level 1s a value indicating a number of success-
tul violation reports submitted by the user. In an example, the
higher the number of the successiul violation reports, the
greater the reputation level of the user, in which case, the
trustworthiness metric may be positively influenced.

Furthermore, the rogueness index of the vehicle may also
be computed in order to calculate the trustworthiness metric.
The rogueness index of a vehicle can be used as a measure of
driving behavior of the driver of the rogue vehicle. In an
example, the rogueness 1ndex 1s a function of time, where
with each successiul violation report against said rogue
vehicle, the rogueness index increases. However, the rogue-
ness index may diminish with time, and in the case where
there 1s no subsequent violation reports are submitted against
the rogue vehicle, the rogueness index may diminish to nil,
1.€., all the violation reports are forgotten.

The value of the trustworthiness metric 1s subsequently
calculated using an empirical rule as previously described.
When the rule evaluates as TRUE, the violation report 1s
accepted and taken up for further processing. However, on
tailing the rule, the violation report 1s declined from further
processing and the user may be informed by a suitable noti-
fication as described earlier.

Atblock 210, a traific observation record may be compiled.
In an example, the trail

iIc observation record 1s compiled
based on the data extracted from the violation report, such as,
the location of the violation, time stamp, color of vehicle,
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make of vehicle, license category, type of vehicle, the authen-
ticity parameters, the trustworthiness parameters, nature and
category of violation, and the trustworthiness metric. In an
example, the tratfic observation record may be compiled 1n
the form of tabulated data that facilitates easy understanding
of the information portrayed.

At a block 212, the traffic observation record may be for-
warded to relevant agencies based on one or more factors. In
an example, the traflic observation record i1s forwarded
depending on factors, such as, nature and severity of viola-
tion, and the registration details of vehicle. The relevant agen-
cies can include but are not limited to, fleet owners, traffic
enforcement agencies, msurance providers, drivers in the
immediate vicimty of rogue vehicle, and pedestrians. For
example, where the rogue vehicle 1s a commercial vehicle, the
company that owns the vehicle may be provided with the
observation record. In another example, where a private
vehicle 1s reported for drunken or reckless driving, the driver
of the vehicle, 1t registered with the computing system, may
also be notified of his ofl

ence. In furtherance to the driver
being informed, nearby drivers and pedestrians who may be
subscribed to an alert service may also be mformed of the
rogue vehicle. These drivers and pedestrians 1n turn can now
be vigilant, and be aware of the presence of arogue vehicle in
their neighborhood. Furthermore, they can be encouraged to
take precautionary measures and be prepared to report any
repeated offences from the rogue vehicle. In this manner, the
wellare and safety of citizens can be promoted, and drivers
may be encouraged to follow traffic rules and laws. In another
example, an insurance provider of the rogue vehicle may also
be notified of the rogue vehicle’s offence. In this manner, the
insurance provider may be assisted in providing claim details,
or isurance details based on the nature and category of the
olffence.

In an example, based on a violation report, the traific
enforcement agency may charge the guilty rogue vehicle with
a penalty based on 1ts rogueness index as described earlier. A
vehicle with a high rogue index can be charged a higher
penalty amount as compared to a vehicle with a low index
vehicle. Further, 1n an example, for all the reported violations
a penalty can be automatically charged as described earlier.
Further, the accused rogue vehicle owner can be provided
with an opportunity to contest the allegations made against
him, by submitting counter evidence. For example, the
counter evidences could be retrieved from a telemetric device
present in the vehicle that can provide authenticated data.
Moreover, state departments can mandate special training or
orientation sessions for the drivers of rogue vehicles 1n order
to educate them. This will improve the efficacy of targeted
educational awareness for the people who need improvement
in their driving behavior. Further the traffic department can
plan the required infrastructure measures for reducing viola-
tions. This includes deploying surveillance systems, police
personnel, traffic lights, patrolling etc. in regions where vio-
lation density 1s high.

In an example, an owner of a rogue vehicle, such as, a fleet
owner, canreceive feedback regarding the driving behavior of
the vehicles 1n the fleet. This will enable corrective measures
to be taken 1n case of substantially high occurrences of vio-
lation reports against a particular vehicle. Furthermore, in the
case, the violation reports can be cross checked with the
driver roster and the i1dentification of the driver responsible
for the mncident can be facilitated. Furthermore this can be
linked to a computation of the rogueness index for the drivers
of the fleet and suitable action can be taken for the drivers of
the rogue vehicle.
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In an implementation, 1n order to ensure privacy of the
driver of the allegedly rogue driver, only the vehicle may be
identified. In an example, during the recording of a traflic
offence, where the driver 1s included in the image or video, the
same may be excluded from the processing of the image or
video. In this example, only the details necessary for the
identification of the rogue vehicle may be included 1n the
processing steps. Moreover, 1n another example, the privacy
of a reporter, 1.€., the user submitting the violation report can
be ensured by controlled disclosure of their identity to the
reportees.

In another implementation, users may enlist as part of a
citizen sensor program, which motivates users to report
occurrences of traffic occurrences. The users enlisted on this
program, hereinafter referred to as citizen sensors, may be
provided with suitable 1incentives. Beyond public visibility,
awareness, sense ol social contribution etc., a rewarding
scheme can be conceptualized to encourage people to be
citizen sensors.

In one example, for each successiul submission of a vio-
lation report, the citizen sensors may be awarded rewards
according to an award point system. In an example, the com-
pilation module 114 may be configured to allot award points
to the citizen sensors, for each of their violation report sub-
missions. The number of points awarded may depend on the
rogue vehicle detection metric, or the severity of the incident,
or order of reporting (for example, a first number of the
violation reports for a specific incident can recerve a higher
number of points as compared to the violation reports
received subsequently).

Furthermore, 1n an example, the award points can be
redeemed for discounted payment for toll tax (road tax),
penalties/fines to traific dept, congestion tax, free tickets for
public transport systems, vehicle insurance premium, and
other such incentives.

Although implementations for rogue vehicle detection
have been described 1in language specific to structural features
and/or methods, 1t 1s to be understood that the present subject
matter 1s not necessarily limited to the specific features or
methods described. Rather, the specific features and methods
are disclosed as implementations for rogue vehicle detection.

We claim:
1. A method for rogue vehicle detection, the method com-
prising:

receiving at least one violation report for a vehicle from at
least one mobile communication device, wherein the at
least one violation report 1s indicative of a tratfic viola-
tion made by one or more vehicles, and wherein the at
least one violation report includes data elements of the
vehicle;

extracting the data elements from the at least one violation
report for the vehicle;

authenticating the at least one violation report based on an
authenticity metric, wherein a value of the authenticity
metric 1s computed by comparing the extracted data
clements with reference authenticity measurement data,
the reference authenticity measurement data indicates
conditions pertaining to a location from which violation
by the vehicle 1s reported;

determining trustworthiness of the at least one violation
report using a trustworthiness metric, wherein the trust-
worthiness metric 1s based on the authenticity metric and
trustworthiness parameters;

categorizing the vehicle as a rogue vehicle, based on the
authenticating and the determining trustworthiness; and
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compiling a traffic observation record of the rogue vehicle
based on at least one of the at least one violation report,
the authenticity metric, and the trustworthiness metric.

2. The method as claimed 1n claim 1, wherein the at least
one violation report comprises one or more authenticity
parameters, the authenticity parameter comprises at least one
of a time stamp, a GPS location, an audio clip, an ambient
environmental parameter, and one or more third party param-
eters.

3. The method as claimed 1n claim 1, wherein the trustwor-
thiness parameters imnclude at least one of a number of inde-
pendent violation reports of the same violation incident, reg-
istration status of a user, reputation level of the user, a
rogueness index of the vehicle, and a collusion index.

4. The method as claimed in claim 3, wherein the rogueness
index of the vehicle 1s a time dependent function.

5. The method as claimed in claim 1, further comprising
forwarding the traflic observation record to at least one
agency based on a type of traffic violation and a severity of the
traffic violation, wherein the at least one agency includes at
least one of an msurance agency, vehicle fleet owner, state
department, traific enforcement agency, and an individual
user.

6. A computing system for detecting a rogue vehicle, the
system comprising;:

a processor; and

a memory coupled to the processor for executing a plurality
of modules present in the memory, the plurality of mod-
ules comprising:

a validation module for:

receving at least one violation report from at least one
mobile communication device, wherein the at least one
violation report 1s indicative of traflic violation made by
one or more vehicles, and wherein the at least one vio-
lation report includes data elements of the vehicle;

extracting the data elements from the at least one violation
report for the vehicle;

authenticating the at least one violation report based on an
authenticity metric, wherein a value of the authenticity
metric 1s computed by comparing the extracted data
clements with reference authenticity measurement data,
the reference authenticity measurement data indicates
conditions pertaining to a location from which violation
by the vehicle 1s reported;

determining trustworthiness of the at least one violation
report using a trustworthiness metric, wherein the trust-
worthiness metric 1s based on the authenticity metric and
trustworthiness parameters; and

categorizing the vehicle as a rogue vehicle, based on the
authenticating and the determining trustworthiness;

a compilation module for compiling a traffic observation
record of the rogue vehicle based on the at least one
violation report, the authenticity metric, and the trust-
worthiness metric.

7. The computing system as claimed 1n claim 6, wherein
the computing system 1s implemented at least at one of a third
party service provider and a state department.

8. The computing system as claimed in claim 6, wherein
the validation module further rejects the at least one violation
report based on a comparison of a value of the authenticity
metric with a value of a threshold authenticity metric.

9. The computing system as claimed in claim 6, wherein
the validation module further determines a collusion index of
the at least one violation report, wherein the collusion index 1s
indicative of a level of collusion of a plurality of submitted
violation reports regarding the rogue vehicle.
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10. The computing system as claimed 1n claim 6, wherein
the compilation module further forwards the traific observa-
tion record to at least one agency based on a type of traific
violation and a severity of the tratfic violation.

11. The computing system as claimed 1n claim 6, wherein
the compilation module further forwards an alert based on the

1

traffic observation record to a user within a predetermined
radius of a location of a violation incident.

12. The computing system as claimed 1n claim 6, wherein
the compilation module further imposes a penalty against the
rogue vehicle based on a rogueness index of the rogue
vehicle.

13. The computing system as claimed 1n claim 6, wherein
the compilation module allots award points to a user based on
at least one of a number of violation reports submitted by the
user, a nature of the violation, and a severity of the violation,
and wherein a redeeming of the award points by the user 1s
tacilitated.

14. A non-transitory computer-readable medium having
embodied thereon a computer program for executing a
method comprising:

receiving at least one violation report for a vehicle from at

least one mobile communication device, wherein the at
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least one violation report 1s indicative of a traffic viola-
tion made by one or more vehicles, and wherein the at
least one violation report includes data elements of the
vehicle;

extracting the data elements from the at least one violation
report for the vehicle;

authenticating the at least one violation report based on an
authenticity metric, wherein, a value of the authenticity
metric 1s computed by comparing the extracted data
clements with reference authenticity measurement data,
the reference authenticity measurement data indicates
conditions pertaining to a location from which violation
by the vehicle 1s reported;

determiming trustworthiness of the at least one violation
report using a trustworthiness metric, wherein the trust-
worthiness metric 1s based on the authenticity metric and
trustworthiness parameters;

categorizing the vehicle as a rogue vehicle, based on the
authenticating and the determiming trustworthiness; and

compiling a traffic observation record of the rogue vehicle
based on at least one of the violation report, the authen-
ticity metric, and the trustworthiness metric.
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